Three isomeric 7,12-dimethylbenz[ alanthracene-pyridine adduct salts, namely, the 5-W pyridinium-7,1Zdimethylbenz[ alanthracene perchlorate, the 7-N-pyridmiummethylene-lZmethylbenz[ alanthracene picrate, and the 7-inethyl-12-N-pyridiniummethylenebenz[ alanthracene picrate, were studied by fast atom bombardment tandem mass spectrometry using high energy collisional-activated dissociation (CAD). The CAD mass spectra of the molecular cations and the (M -pyridine)+ ions allow one to distinguish positional isomers on the basis of daughter ion peak height ratios, The differences in the CAD mass spectra of the (M -pyridme)+ ions are probably due in part to formation of isomer-specific fused-ring tropylium ions. One of the most potent cancer-causing PAH is DMBA. Because the structural analysis of DMBAnucleoside adducts is expected to be challenging, research on DMBA-pyridinium adducts as model compounds was undertaken, as is reported here. Three previously synthesized [7] isomeric DMBA-pyridinium adducts of known structure were studied to determine if it is possible to differentiate among them by
R adical cations
are intermediates in the metabolism [l, 21 and covalent binding [3, 41 of polycyclic aromatic hydrocarbons (PAH) catalyzed by cytochrome P-450 and peroxidases. Several lines of evidence also suggest that these intermediates, as well as the bay region diol epoxides, play a role in the mechanism of tumor initiation by PAH [4-61. The structures of the adducts that 7,1Zdimeth-ylbenz [a] anthracene (DMBA) forms with DNA are indicative of mechanisms of activation and are critical for judging the relative importance of radical cations and diol epoxides in the mechanism of PAH carcinogenesis.
One of the most potent cancer-causing PAH is DMBA. Because the structural analysis of DMBAnucleoside adducts is expected to be challenging, research on DMBA-pyridinium adducts as model compounds was undertaken, as is reported here. Three previously synthesized [7] isomeric DMBA-pyridinium adducts of known structure were studied to determine if it is possible to differentiate among them by @ 1991 American Society for Mass Spectrometry 104-0305/91/$3.50 using tandem mass spectrometry (MS/MS). This requires locating substituents on aromatic ring systems, which is a classic problem in mass spectrometry IS]. Because all of the C-C bonds and all of the C-H bonds in aromatic ions have very similar bond energies, and because aromatic ions isomer&e rapidly after formation, fragmentation patterns for isomericsubstituted aromatic ions are usually very similar to one another.
The structures of the DMBA-pyridinium adducts were determined previously by nuclear magnetic resonance [7] , but if PAH adducts with bases derived from DNA are to be studied either in vitro or in vivo, more sensitive methods for structure determination are necessary. In this study, a fast atom bombardment ionization tandem mass spectrometry (FAB/MS/MS) [9] method has been developed for identifying DMBA-pyridinium adducts.
Experimental Section
The instrument used for this work was a Kratos MS-50 triple analyzer tandem mass spectrometer, as previously described [lo] . It consists of a high resolution MS-I of Nier-Johnson geomehy, followed by an electrostatic analyzer as MS-II. Approximately 10 ug of a solid sample of each adduct was dissolved directly in approximately 2 UL of dithiothreitol/dithioerythritol matrix. A 6-keV beam of argon atoms desorbed the preformed ions from the viscous liquid matrix. The sample and the matrix were supported in the vacuum chamber (7 x 10e6 torr) by a copper probe held at 8 kV. Collision-activated dissociation (CAD) spectra were obtained in MS/MS mode by activating the ions in the third field-free region (between MS-I and MS-II) by collision with helium gas (sufficient to suppress the parent ion beam by 50%). By scanning MS-II, CAD spectra were obtained.
Results and Discussion
Three isomers of the DMBA-pyridinium adducts were investigated: one with pyridine substituted at the S-position of the ring system and two others, each with pyridiie on a different methyl group. The reason for selecting the latter two isomers is that the 7-and 12-methyl positions of the DMBA radical cation are the most reactive with nucleophiles [6] . Furthermore, the 5ring position is also reactive with potent nucleophiles such as pyridine [7] . Because all of the adducts are salts, a peak corresponding to the preformed molecular cation is found at m/z 334 in all three FAB/MS spectra, as is the (M -pyridine)+ ion at m/z 255. In mass spectra of the methyl-bound adducts, the fragment ion at m /z 255 gives rise to the base peak, and the molecular cation has a relative abundance of 40%. In the mass spectrum of the ringbound adduct, the molecular cation gives rise to the base peak, and the fragment ion at m/z 255 has a relative abundance of 10%. Because these adducts are low in molecular weight, the interference from matrix ions is substantial. Therefore, it is difficult to determine from these spectra whether other fragment ion peaks are present. It is clear from the FAB mass spectra that the ring-bound adduct has a stronger N-C bond than the methyl-bound adducts because the relative abundance of the m/z 255 ion formed from the cleavage of that bond is approximately an order of magnitude greater in the methyl-bound adducts than in the ring-bound adduct.
Because the ions derived from the FAB matrix interfere with mass spectra especially at low levels, ii is desirable to evaluate the utility of CAD spectra of the molecular cations. Furthermore, identication of DMBA-nucleoside adducts at the low levels characteristic of biological studies will require MS/MS, as was the case for benzo[a]pyrene 131. The parent ion (M+ of m/z 334) was mass-selected with a resolving power of approximately 2500 to remove isobaric interferences due to matrix ions, and the CAD spectra were taken (see Figure 1) . The CAD mass spectra of the methylbound adducts (Figure la and b) show only two major product ion peaks: one due to the loss of pyridine to give an ion of m/z 255, and one due to the loss of CH, * and pyridme to give an ion of m/z 240. The CAD mass spectrum of the ring-bound adduct ( Figure  lc) is substantially different showing, in addition to the ions of m /z 240 and 255, a whole series of ions formed by serial losses of 13 u, which indicates fragmentation of the ling system. Subsequent reinvestigation of the spectra in Figure 1 at higher resolving power with a four-sector instrument indicated that all of the product ion peaks shown in Figure 1 are in fact multiplets. Whereas the ring-bound adduct is easily distinguished from the methyl-bound adducts by the CAD fragmentation pattern, the two methyl-bound adducts are virtually indistinguishable on the basis of Figure 1 and the FAB mass spectrum. As mentioned earlier, the major fragment ion in the FAB/MS of the adducts is of m /z 255, which is formed by the loss of pyridine and is the (M -H)+ ion of DMBA. Colliiion-activated dissociation mass spectra of methylated aromatic systems rarely differentiate among isomers because tropylium ion formation leads to a symmetrical intermediate in which positional information is lost. Positional information, however, is not lost for the m/z 255 ions, as is shown in Figure 2 . Fast atom bombardment of the three adducts produces m/z 255 fragment ions whose CAD spectra can be used to distinguish the three isomers DOLNMOWSKIETAL. on the basis of the ratio of the product ion peak heights at m/z 254 and 239. The product ion peak height ratio is 2.3 & 0.4 for the 1%methyl adduct, 0.7 + 0.08 for the '/-methyl adduct, and 0.39 + 0.09 for the 5-ring adduct. The standard deviations quoted here are for seven trials over a period of one year. Increasing the pressure of helium collision gas increases this product ion peak height ratio. It is apparent that control over collision gas pressure is an important factor for the reproducibility of the experiment.
Iv2
Mixture analysis of these isomers would be difhcuk by MS/MS because the spectra are qualitatively similar. Thus, we project the need for chromatographic separation prior to or in combination with MS/MS when bioadducts are to be investigated.
Some mechanism must allow the hydrocarbon ion to "remember" where the departed pyridine was attached. Fused-ring tropylium ion formation [ll] is known to occur in the (M -l)+ ions of PAH compounds. We suggest on the basis of the data in Figure  2 that fused-ring tropylium ions with different structures and different CAD spectra form when pyridine is lost from the 7-or 1Zmethyl position of DMBA (see Scheme I). Although the fused-ring tropylium ions depicted in Scheme I both fragment by loss of Ha and CH,, they preferentially lose either H -or CH,. In summary, FAB of DMBA-pyridinium adducts produces fragment ions at m/z 255 with fused-ring tropylium ion structures. The CAD spectra of these fragment ions indicate the position at which pyridinium is attached to the DMBA. We expect that FAB of DMBA-nucleoside adducts should produce the same fragment ions, and therefore, the CAD spectra of these fragment ions should reflect the position of DMBA attachment to the base of the nucleoside. Synthesis of DMBA-nucleoside adducts and mass spectral studies are currently under investigation in these laboratories.
